The present study evaluates the fruit yield and antioxidant activity of pepper genotypes as a function of nitrogen doses. The experiment was conducted in a greenhouse with seven pepper genotypes: two C. annuum (116 and 163), two C. chinense (39 and 118), two C. frutescens (17 and 113), and one C. praetermissum (141), and 11 nitrogen doses (0, 1, 2, 4, 8, 16, 32, 64, 128, 256 and 512 N mg dm -3 ). Productive parameters were evaluated, and antioxidant compounds were determined by spectrophotometric methods. Genotypes 116 and 163 showed a higher fruit fresh mass, and genotype 141 produced the highest number of fruits per plant. Genotypes 141 and 163 were the earliest. The highest antioxidant activity was obtained in the extracts of fruits of genotype 113. Nitrogen fertilization did not affect the antioxidant content of fruits. The pepper genotypes of the present study have comparable bioactive compound contents and antioxidant activity. Therefore, they are promising genotypes for the vegetable production sector, with potential for industrial and pharmacological use.
Introduction
Peppers are considered functional foods because of their physiological and pharmacological properties (Shukla et al., 2016) . They are excellent sources of ascorbic acid (vitamin C), carotenoids (provitamin A), tocopherols (vitamin E), flavonoids and capsaicinoids (Wahyuni et al., 2013) . These substances have antioxidant properties that act to prevent cancer, cardiovascular diseases, and assist in weight loss, presenting benefits to the cardiovascular and gastrointestinal systems (Luo et al., 2011; Srinivasan, 2016) . and functional properties are traits that add value to these foods. Peppers cultivated in Brazil present great variability in antioxidant content (Agostini-Costa et al., 2015; de Aguiar et al., 2016) . Thus, biochemical characterization of genotypes is an important step in breeding programs for the development of commercial hybrids with higher content of bioactive compounds.
In addition to the variability in antioxidant activity among genotypes, nitrogen fertilization is an important factor to be considered in pepper production. Nitrogen is one of the main nutrients in plant development, with important roles in physiological processes. In the cultivation of peppers, plant responses to nitrogen fertilization are varied, resulting in higher, larger, greener plants, with more fruits and higher yield (Sarro et al., 1995) . However, nitrogen fertilization can cause changes in the nutritional composition, bioactive compounds content and antioxidant activity of peppers (del Amor et al., 2008) . Therefore, the present study evaluates the agronomic characteristics, antioxidant activity and bioactive compounds content as a function of nitrogen fertilization in pepper genotypes from the Active Germplasm Bank of southwestern Mato Grosso.
Method

Germplasm, Experiment Site and Experimental Conditions
Seven genotypes from a pepper AGB were used in this study for agronomic evaluation and chemical characterization. The selection of accessions considered the anthracnose-resistance and antioxidant activity of pepper genotypes, as determined in previous studies. Table 1 describes the pepper accessions evaluated. The genotypes were subjected to increasing rates of nitrogen fertilization (0; 1; 2; 4; 8; 16; 32; 64; 128; 256 and 512 mg dm -3 ). The study followed a completely randomized design, crossing seven genotypes and 11 nitrogen doses, with two replicates per combination. The experiment was carried out in a greenhouse in Cáceres-MT (16º12' S, 57º06' W, altitude of 176 m a.s.l.), from June to December 2016. • 39 C. chinense Jacq.
• 113 C. frutescens L.
• 116 C. annuum L.
• •
118
C. chinense Jacq.
141
C. praetermissum Heiser & P.G. Sm.
•
• Note. a. Maracahipes et al. (2016 ), b. Araujo (2015 .
Seedling Production and Crop Management
Genotypes were sown in 128-cell expanded polystyrene trays containing commercial substrate. Seedlings were transplanted to pots with 3 dm 3 soil when reaching 10 cm in height. Soil moisture was maintained between 55-65% of the total pot volume. Cultural treatments for greenhouse cultivation were carried out following the recommendation of Novais et al. (1991) . The soil used in the experiment was classified as dystrophic Red-Yellow latosol (Pérez et al., 2013) , collected in the 0-20 cm depth layer. The substrate used in the experiment had the following physicochemical characteristics: pH (H 2 O) = 4.91; P = 2.2 mg dm ; Zn = 0.46 mg dm -3 (Raij et al., 2001) . Nitrogen fertilization was applied using ammonium nitrate (33% N) as a source, by means of cover fertilization at 5, 33, 64, 78, 107, 134 and 168 days after transplanting.
Plant Growth and Fruit Yield
Fruit fresh and dry mass and number of fruits per plant were evaluated daily, with results reflecting values accumulated throughout the experimental period. Flowering and fruit ripening time were also evaluated daily, reflecting the number of days after transplanting for anthesis and ripening of the first fruit. Final plant height and diameter at base height were evaluated 150 days after transplanting of seedlings, at the end of the experimental period.
Chemical Characterization
To evaluate antioxidant compounds, the fruits were macerated in liquid nitrogen and stored at -80 °C in ultrafreezer. High-quality reagents were purchased from Sigma-Aldrich (Brazil), Vetec (Vetec/Sigma-Aldrich, Brazil) and Tedia (Brazil). Spectrophotometric evaluations were done in triplicate in a UV-Vis spectrophotometer (Biochrom Libra S60, England).
The antioxidant activity against 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical was evaluated in fresh fruit extracted with ethanol, methanol and acidified methanol (methanol and 1% HCl solution). The supernatants were combined to make up the extract. An aliquot of the extract (100 μL) was mixed with 3.9 mL of 60 μM DPPH ethanolic solution (Brand-Williams et al., 1995) . The mixture was homogenized and left to rest in the dark for 60 min. The absorbance was measured at 515 nm in a spectrophotometer. An ascorbic acid curve was used to calibrate the analysis. The results were expressed as ascorbic acid equivalents (AAE). The assay was performed using extracts at the concentrations of 2, 4 and 8 mg mL -1 to determine the inhibitory concentration (IC 50 ) of extracts.
Total polyphenols were analyzed in the same extract described above. An aliquot of the extract (100 μL) was mixed with 900 μL of distilled water, 500 μL of 10% Folin-Ciocalteau and 2.5 mL of 20% sodium carbonate. The mixture was homogenized and left to rest in the dark for 60 min. The absorbance was measured at 750 nm in a spectrophotometer (Singleton & Rossi, 1965) . A gallic acid curve was used to calibrate the analysis. The results were expressed as gallic acid equivalents (GAE). Flavonoids and anthocyanins were analyzed in fresh fruit extracted with acidified ethanol [Ethanol and 1.5 M HCl (85:15 v:v) ]. Extraction was repeated twice, and the supernatants combined. The absorbances were measured at 374 nm and 535 nm in a spectrophotometer (Francis, 1982) . Flavonoid and anthocyanin contents were determined according to the equations below, and results were expressed as mg 100 g 
where, A: absorbance values at 374 and 535 nm, DF: dilution factor, v: extraction volume (mL), m: fresh weigth (g) used in the extraction.
β-carotene and lycopene contents were determined in fresh samples extracted with 4 mL acetone and 6 mL hexane. The mixture was homogenized in a Turrax homogenizer. The supernatant was collected, and the absorbances were measured at 453 nm, 505 nm, 645 nm and 663 nm in a spectrophotometer (Nagata & Yamashita, 1992) . β-carotene and lycopene contents were determined according to the following equations: Data were analyzed considering the mathematical model for the factorial experiment described above, which establishes terms for the main effect of sources of variation, as well as the interaction between these sources. To accommodate the effect of nitrogen doses, polynomials of up to the 4th degree were used (preferably, selecting the one with the lowest degree possible), which were chosen according to the significance of the F statistic of the analysis of variance. The polynomial curves for the nitrogen effect were crossed with the species effect, generating fitted curves for each genotype. Based on the ANOVA table, when not significant, the interaction was removed, thus remaining the fitting of parallel curves. Residual analysis was carried out to avoid a deviation from the assumptions, which would jeopardize the conclusions. Analyses were performed using R statistical software (V 3.4.1).
Results
Fruit fresh mass (FFM), fruit dry mass (FDM), number of fruits (NF), flowering time (FT) and ripening time (RT) were different in the pepper genotypes evaluated. Nitrogen fertilization affected most of the yield attributes evaluated, except for FT and RT (p > 0.05). Genotypes interacted with nitrogen fertilization for final plant height 
---------------------------------------mg 100 g -1 ----------------------------------------
Discussion
The present study aimed to describe the main agronomic characteristics of selected pepper genotypes adapted to the climatic conditions of southwestern Mato Grosso. In general, the results of fruit production (FFM per plant) in the pepper genotypes were lower than those available in the literature. As yield is mainly dependent on pepper species, an intraspecies comparison might be more representative.
In C. annuum, fruit yield varies between 290-650 g per plant (Nunes Júnior et al., 2017) . In C. chinense, fruit yield is similar, ranging from 280-570 g per plant (Domenico et al., 2012) . In traditional varieties of C. chinense, fruit yield was, on average, 380 g. However, these varieties presented great variation for fruit yield, ranging between 70-1920 g per plant (Araújo et al., 2018) , indicating large amplitude for this characteristic.
Similar results were observed in C. praetermissum genotypes, which produced between 42-340 g. Fresh fruit yield in protected environment can reach more than 1 kg per plant in C. annuum (Oliveira et al., 2013) . Under special management conditions, fruit fresh mass in this species may exceed 2 kg (Campos et al., 2008) .
Earliness was a prominent feature among the genotypes of the present study. The results of flowering and ripening time of the obtained fruits are superior to those reported in the literature for peppers. Undoubtedly, genotype 141 (C. praetermissum) stood out in terms of earliness, flowering in 11 days, that is, a little more than a week after the transplanting of seedlings. In turn, the other pepper genotypes evaluated flowered, on average, in 55 days. In C. chinense, the flowering time is 95 days (Domenico et al., 2012) . In C. praetermissum, flowering and fruit ripening time are 81 and 101 days, respectively (Ferraz et al., 2016) .
As stated earlier, characteristics such as pest resistance, yield and uniformity are important for the productive and industrial sectors. In addition to these characteristics, the search for early materials has guided Brazilian studies on pepper genotypes characterization. Earliness is an important attribute for pepper producers, because when hybrids are available at an earlier stage, two or three plantations can be managed in a single year, with further possibility of making the planting schedule more flexible (Rodrigues, 2016) .
In times of climate change, it is easier to change the planting schedule by anticipating the first harvest, so that it does not coincide with rainy periods. Thus, earliness can be a very important characteristic for pepper producers in southwestern Mato Grosso and in other regions of Brazil.
Genotypes 116 (C. annuum) and 163 (C. annuum) showed higher production of fruit biomass. Genotype 141 (C. praetermisusum), in turn, produced the highest number of fruits. Moreover, genotypes 141 (C. praetermisusum) and 163 (C. annuum) presented fruit production in less time, indicating a higher earliness.
More detailed studies for the selected pepper genotypes described in the present study are recommended to improve the yield potential. These pepper genotypes are resistant to anthracnose (Maracahipes et al., 2017) . Therefore, they are promising genotypes for the vegetable production sector, with potential for industrial and pharmacological use.
Nitrogen fertilization positively affected plant growth without altering antioxidant content. Regarding the growth of pepper genotypes, in general, the results of the present study are similar to those reported by Araújo et al. (2018) and Ferraz et al. (2016) . In pepper plants, plant height and stem diameter are strongly influenced by nitrogen fertilization (Oliveira et al., 2013) . These characteristics were positively affected by nitrogen jas.ccsenet.org
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This positive effect of nitrogen fertilization on growth was already expected, since the growth and yield of vegetables are largely affected by the application of nitrogen fertilizers. Ammonium nitrate is the most suitable N source for pepper crop among commercially available fertilizers (Ghoname et al., 2009) . N is related to the biosynthesis of proteins and carotenoids, and the balance between proteins and carbohydrates (Lawlor et al., 2001) . Furthermore, when supplied in sufficient doses, it allows greater development of the photosynthetic surface area in higher plants (Reich et al., 2002) .
In addition to positively affecting fruit growth and yield, fertilization can also affect nutritional and functional characteristics in vegetables. In the present study, nitrogen fertilization did not affect the bioactive compounds content evaluated, nor the antioxidant activity of extracts. The effects of preharvest factors on the quality of vegetables were recently reviewed by Poiroux-Gonord et al. (2010) . According to the authors, the impact of nitrogen fertilization on the antioxidant content of vegetables is variable and sometimes contradictory.
In C. annuum, the increase or decrease of important nutrients in fertilization may alter the levels of vitamin C, β-carotene and total polyphenols (Marín et al., 2009) . In this species, nitrogen fertilization increases anthocyanin and flavonoid content at higher concentrations (del Amor et al., 2009) . Notwithstanding, this did not occur in the present study, that is, fertilization did not alter the bioactive compounds content. Núñez-Ramírez et al. (2011) reported a similar result, verifying that nitrogen fertilization does not affect the antioxidant compounds content in C. chinense. In our study, the differences between the antioxidant potential occurred only as a function of the different genotypes evaluated.
Antioxidants are substances which retard oxidative degradation reactions by means of different mechanisms, such as inhibition of free radicals and complexation of metals (Sharma et al., 2012) . The antioxidant activity of peppers was evaluated by inhibiting the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH). Genotype 113 (C. frutescens) stood out in terms of antioxidant activity. In general, the results obtained are similar to those reported by Gurnani et al. (2016) and Lahbib et al. (2017) , who found 10-30% inhibition of DPPH radicals at the concentration of 1-5 mg mL -1 in extracts of C. annuum and C. frutescens.
In terms of IC 50 , which denotes the concentration required to inhibit 50% of free radicals, the values obtained in the pepper genotypes of the present study ranged between 1-5 mg mL -1
, similar to the IC 50 response described by Azeez et al. (2012) for C. annuum. However, slightly higher results are reported in peppers, with IC 50 between 5-500 μg mL -1 (Loizzo et al., 2015) . The lower the IC 50 value, the greater the potential of the extract in protecting the cells from oxidative damage.
The ability of antioxidants to react with free radicals can prevent the destructive effects of these radicals and the resulting chronic diseases (Halliwell, 1996) . The imbalance between generation and elimination of free radicals in cells has been recognized as one of the most important factors in the development of chronic diseases in recent years (Valko et al., 2016) . Some phytochemicals are strong antioxidants and are believed to reduce the risk of chronic diseases by protecting the damage caused by free radicals, modifying metabolic activation and detoxification of carcinogens, or even influencing processes that alter the pathway of cancer cells (Araújo et al., 2011) .
Total polyphenol content is often correlated with antioxidant activity against DPPH radical in peppers (Carvalho et al., 2015; Sora et al., 2015) . In the present study, total polyphenol content was observed between 10-300 mg 100 g -1 fw, similar to those reported in other studies on peppers (de Aguiar et al., 2016) . Regarding flavonoids, genotype 163 (C. annuum) was the genotype with the highest levels of this substance. The results of the present study ranged between 20-35 mg 100 g -1 fw, being similar to those reported by Lahbib et al. (2017) , who found flavonoid content between 20-50 mg 100 g -1 fw in C. annuum. Nevertheless, the contents of these substances can reach 100-120 mg 100 g -1 fw in C. baccatum and C. annuum (Tundis et al., 2013; Zimmer et al., 2012) .
For anthocyanins, in turn, the results of the present study were similar to those reported by Carvalho et al., (2015) , ranging between 2-20 mg 100 g -1 fw. Anthocyanins are a group of compounds that are part of the class of flavonoids. Numerous studies confirm that these substances exert a protective action on human health and are key components of a healthy and balanced diet (Seeram et al., 2006) .
As for carotenoids, the present study focused on two substances, β-carotene and lycopene. β-carotene contents ranged from 0.2-2.5 mg 100 g -1 fw, while lycopene contents ranged from 100-900 μg 100 g -1 fw. The results of the present study are similar to those found in C. annuum (Hallmann & Rembiałkowska, 2012) . According to Carvalho et al. (2015) , total carotenoid content in pepper fruits should vary from 50 μg to 1.5 mg 100 g -1 fw.
The color variation of peppers is attributed to different carotenoid profiles (Nagy et al., 2015) . The main carotenoids present in Brazilian cultivars of C. annuum and C. chinense are β-carotene, α-carotene, capsanthin, violaxanthin, zeaxanthin and β-cryptoxanthin (Agostini-Costa et al., 2017) . In plants, carotenoids are an integral part of the photosynthesis mechanism, whose main function is to protect cells and organelles against oxidative damage by extinguishing singlet oxygen molecules, avoiding accumulation of free radicals (Holt et al., 2005) .
In food, β-carotene has a high activity against oxygen singlet molecules (Wang & Jiao, 2000) . β-carotene is one of the main food sources of vitamin A, since it is a precursor of this vitamin. Vitamin A functions include regulating hormone synthesis, improving the immune system, as well as skin cell growth and differentiation (Bartley, 1995) .
Lycopene is another liposoluble compound, which although not having provitamin A activity, is highly stable and of great importance for processed foods. Lycopene is effective in preventing chronic diseases such as cancer, especially prostate cancer, cardiovascular diseases, among others (Leong et al., 2018) .
Peppers are considered foods rich in carotenoids. Mokhtar et al. (2015) demonstrated that the antioxidant activity of carotenoids present in C. annuum is superior to the activity of capsaicinoids. According to the authors, this response explains the marked anticancer activity of these substances.
Thus, the pepper genotypes evaluated in the present study presented antioxidant activity comparable to other genotypes of peppers reported in the literature. Due to the bioactive compounds content and the antioxidant activity presented, these peppers constitute good alternatives for the vegetable market and for industrial use.
Conclusion
Genotypes 116 (C. annuum) and 163 (C. annuum) showed higher fruit biomass, while genotype 141 (C. praetermisusum) produced the highest number of fruits and was the earliest. The highest antioxidant activity was obtained in the extracts of fruits of genotype 113 (C. frutescens). The level of nitrogen fertilization did not affect the antioxidant content of fruits.
The genotypes of the present study have antioxidant activity similar to other pepper genotypes already reported in the literature. These peppers constitute good alternatives for consumers seeking higher-quality food. Moreover, the genotypes can be used in breeding programs for the development of new commercial hybrids with superior antioxidant activity and high levels of substances with biological activity.
